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Abstract 
A functional understanding of the epididymis makes it possible to increase a species’ fertility, since it facilitates the preservation 
of gametes for use in assisted reproduction techniques. This study analyzed the histological features of the different regions of 
the epididymis of the Pecari tajacu and the associated pathologies found in the spermatozoa present in this organ. After an 
orchiectomy surgery to remove the testicles and epididymis obtained from eight adult animals bred in captivity, fixation and 
histological processing of samples were carried out. The presence of pseudostratified columnar epithelium with stereocilia was 
observed in all regions of the epididymis (caput, corpus and caudal). Similarities were noted between the average height of the 
corpus and caudal epithelium, which differed from that found at the caput (1- proximal: region associated with the efferent 
ducts; 2- distal: region associated with corpus epididymis). It was also observed that the proximal caput presents a smaller 
average of the tubules diameter compared to other portions of the epididymis. Regarding pathologies of the spermatozoa, 
thirteen different types of morphological modifications were observed. Underdeveloped spermatozoa and detached heads were 
most frequently encountered along the epididymis of the collared peccaries. This study is a pioneer in the area and its data will 
serve as a basis for comparative research on the reproductive biology of artiodactyls, thus contributing to their conservation and 
reproduction. 
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Resumo 
O entendimento funcional do epidídimo possibilita o aumento da fertilidade de uma espécie, pois torna possível a preservação 
de gametas para o uso em técnicas de reprodução assistida. Este trabalho estudou os aspectos histológicos das diferentes regiões 
do epidídimo de Pecari tajacu, bem como as patologias associadas encontradas nos espermatozoides presentes nesse órgão. Após 
procedimento cirúrgico de orquiectomia, para remoção dos testículos e epidídimos, obtidos de oito animais adultos nascidos 
em cativeiro, realizou-se a fixação e o processamento histológico das amostras. Constatou-se em todas as regiões do epidídimo 
(cabeça, corpo e cauda) a presença de epitélio pseudoestratificado colunar com estereocílios. Foram observadas semelhanças 
entre a altura média do epitélio do corpo e da cauda, a qual era diferente da encontrada na cabeça (1- proximal: região associada 
aos ductos eferentes; 2- distal: região associada ao corpo do epidídimo). Foi verificado que a cabeça proximal apresenta a média 
de diâmetro dos túbulos menor em relação às demais porções do epidídimo. Em relação às patologias dos espermatozoides, 
constataram-se treze tipos diferentes de alterações morfológicas. Os espermatozoides subdesenvolvidos e cabeças soltas foram 
as mais frequentes ao longo do epidídimo de catitus. Os dados deste trabalho são pioneiros, e servirão como base para pesquisas 
comparativas sobre a biologia reprodutiva dos artiodátilos, contribuindo para a sua conservação e produção. 
Palavras-chave: Epidídimo. Espermatozoide. Histologia. Morfologia. Pecari tajacu. 
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Introduction 
The collared peccary (Pecari tajacu) is part of the 
Tayassuidae, along with two other species, the white-
lipped peccary (Tayassu pecari) and the chacoan 
peccary (Catagonus wagneri), which belongs to the 
suborder Suiformes (SOWLS, 1997). This species is 
found from the South of the United States of America 
to the North of Argentina. It may occupy various 
habitats, from humid tropical forests to savannahs and 
deserts (SOWLS, 1997). The destruction of its habitat 
and hunting are the main threats to its conservation in 
Brazil (DESBIEZ et al., 2012). The reproductive success 
of wild species is directly related to their ability to 
overcome the factors that decrease their populations 
(BODMER; PUERTAS, 2000; MAYOR et al., 2006). 
Thus, research on reproductive functions becomes 
fundamental for the establishment of appropriate 
animal management systems. 
The epididymis is a structure located between the 
efferent and deferent ducts, and consists of a coiled 
tube connected to the testicle, which makes it a male 
reproductive organ (SULLIVAN, 2004). Its main 
functions are: transportation, development of motility 
and fertilizing ability of the spermatozoa, and creation 
of a luminal environment, specialized in the 
conduction of the epithelial maturation and 
functionality process (ROBAIRE et al., 2006). A 
functional understanding of the epididymis makes it 
possible to expand a species’ fertility, since it increases 
the opportunity for preservation of gametes which are 
essential in assisted reproduction techniques. 
Regarding the reproductive physiology of male 
collared peccaries, Hellgren et al. (1995); Carvalhal et 
al. (2000); Sonner et al. (2004); Kahwage et al. (2010) 
and Garcia et al. (2012), among other authors, observed 
some andrological aspects, such as: levels of 
testosterone, testicular biometrics and semen analysis. 
However, no previous research studied 
histopathological characteristics of spermatozoa from 
the epididymis of this species. 
Therefore, the aim of the present study was to 
analyze the histological features of different regions of 
the P. tajacu epididymis and the associated pathologies 
found in spermatozoa present in this organ.  
 
Material and Methods 
Animals and management  
Eight captive-bred adult male P. tajacu, with ages 
ranging from two to four years, from the scientific 
research breeding facility of Embrapa Eastern Amazon, 
(IBAMA 1501.5219/2011-PA), located in Belém, State 
of Pará, Brazil (01°24’S; 48°20’W) were analyzed. 
During the experimental period, the animals were 
housed in five collective pens of 36 m2, in a concrete 
floored pen provided with feeders and water troughs 
within the same building. 
Animals were fed once a day on a diet of Napier 
grass (Pennisetum purpureum) and commercial swine 
feed (2.500 Kcal/kg and 14% Crude Protein). 
 
Epididymis Collection  
The animals were anesthetized with ketamine 
chloridate (5 mg/kg) and 0.2% acepromazine (0.2 
mg/kg), and subjected to bilateral orchiectomy. 
Harvesting of the epididymis samples occurred after 
surgery (Figure 1), with immediate transportation to 
the Animal Reproduction Laboratory of the 
Universidade Federal do Pará, in refrigerated 
phosphate-buffered saline (PBS) solution. The 
experiments performed were approved by the Ethical 
Committee for Animal Research, Universidade Federal 
do Pará (Authorization number CEPAE 184-13), and 
were conducted in compliance with current Brazilian 
and international laws on the use of animals for 
research purposes. 
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Figure 1 – P. tajacu epididymis, anatomically divided into 
following regions: caput (*), corpus (▲) and caudal 
(►), connected to the testicle 
 
 
Each of the four parts of the epididymis (1- 
proximal caput: region associated with the efferent 
ducts, 2- distal caput: region associated to corpus 
epididymis, 3- corpus and 4- caudal) was divided into 
two portions; one portion was macerated 
(OLUGBENGA; ONIOVOSA, 2005), while the other 
was left intact. The caudal epididymis, however, was 
not macerated, since it was submitted to the retrograde 
flux technique (KIKUCHI et al., 1998). 
The macerated portions and the cellular samples 
from caudal epididymis were placed in saline 
formaldehyde (96 ml of 2.9% sodium citrate and 4 ml 
of 4% formaldehyde), and then stored at 5°C. They 
were used for spermatozoa morphological analysis, 
according to Blom (1973). For this analysis, 200 cells 
per slide were counted. Slides were prepared with 
humid drops, and amplified to 1000X by phase contrast 
optic microscope. 
The intact portions were wrapped in gauze, 
identified and fixated in ALFAC solution (85 ml of 80% 
alcohol, 10 ml formaldehyde and 5 ml acetic acid). The 
samples were stored at 5ºC for 24 hours; after this 
period, they were submitted to routine histological 
processing. Posteriorly, histology sections 5 µm were 
stained with hematoxylin and eosin. After staining and 
mounting, the slides were analyzed with optical 
microscopy. To compare the regions comprising the 
epididymis, the diameter of 20 tubules of each segment 
of epididymis/animal was measured, as well as the 
height of the epithelium up to 30 tubules for each 
region/animal. 
 
Statistical analyses  
This study used parameters of descriptive statistical 
analyses such as average and standard deviation, as well 
as the ANOVA variance test (one-way) and the post-
hoc Newman-Keuls test. The non-parametric Mann-
Whitney U-test was used to compare two categories: 
major and minor defects in each region. The tests 
contemplate quantification and classification of 
epididymal pathologies, occurring in each region of the 
epididymis, as well as the morphometric comparison 
among the diameter (µm) and height of the epithelium 
(µm) of the epididymal tubules, according to each part. 
The confidence level of probability adopted was 5% and 
the results were analyzed using Statistica software, 
version 7.0. 
 
Results 
Comparison of the diameters of the tubules with the 
ANOVA test (one-way) identified differences (P < 
0.05) among the regions of the epididymis of the 
studied animals. Posterior comparisons (Newman-
Keuls test) indicated differences (P < 0.05) between the 
diameters of tubules from proximal and distal caput; 
proximal caput and corpus; proximal caput and caudal. 
However, there was no significant difference (P > 0.05) 
in the diameter of the tubules regarding the other three 
regions of the epididymis (Table 1). 
 
Table 1 – Mean and standard deviation (µm) of the diameter of 
the tubules from each region of the P. tajacu 
epididymis. Belém, Pará - Brazil -2015 
Regions of the 
epididymis Mean ±SD (µm) 
Total of analyzed 
tubules 
Proximal caput 32.23 ±17.54a 41 
Distal caput 61.72 ±26.57b 60 
Corpus 61.07 ±23.78b 80 
Caudal 54.61 ±16.64b 80 
a, b different letters in the same column indicate significant 
statistical difference (P < 0.05) 
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Regarding comparisons of height of the epithelium 
of the epididymal tubules (ANOVA test one-way), 
significant differences were verified (Table 2). Posterior 
comparisons (Newman-Keuls test) indicated 
significant differences (P < 0.05) between the proximal 
caput and corpus; proximal caput and caudal; distal 
caput and proximal caput; distal caput and corpus; 
distal caput and caudal. No significant differences (P > 
0.05) were observed between the epithelium of the 
corpus and the caudal epididymis, which can be 
observed in Table 2, below. 
 
Table 2 – Mean and standard deviation of height of the 
epithelium (µm) from the different regions of the P. 
tajacu epididymis. Belém, Pará - Brazil - 2015 
Regions of the  
epididymis Mean ±SD (µm) 
Total of analyzed  
tubules 
Proximal caput 22.45 ±12.15a 60 
Distal caput 38.88 ±18.40b 90 
Corpus 49.32 ±24.95c 150 
Caudal  47.47 ±21.12c 119 
a, b, c different letters in the same column indicate significant 
statistical difference (P < 0.05) 
In all the regions of the P. tajacu epididymis, 
columnar pseudostratified epithelium with stereocilia, 
smooth muscle and loose connective tissue in the 
intertubular space were observed. However, 
histological differences were verified between the 
regions. 
The shape of the tubules showed modifications 
along the epididymis. Tubules on the proximal caput 
epididymis, as well as presenting smaller diameters and 
epithelium height, with long stereocilia, presented 
narrow lumen with few spermatozoa (Figure 2A), when 
compared to the other regions. The epididymal tubules 
on the distal caput and corpus had larger diameters and 
an elongated shape (Figures 2B and 2C). On the caudal 
epididymis, tubules were more rounded or oval (Figure 
2D), and the lumen area was broader and well defined, 
with the presence of shorter stereocilia and a large 
quantity of spermatozoa. 
 
 
 
 
Figure 2 – Photomicrography of the epididymal tubules of the P. tajacu. A- Proximal caput 
epididymis; B- Distal caput epididymis: spermatozoa (Sptz) stored in one tubule; C- 
Corpus epididymis: lumen (L) completely full of spermatozoa; D- Caudal epididymis 
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In the proximal caput epididymis, basal and 
principal cells were less visible than in the other 
regions. Nucleus of principal cells changed throughout 
the epididymal regions; they were nearer to the basal 
lamina in the proximal caput epididymis. In the other 
regions, the nucleus was in the apical region. Muscle 
fibers, present in the intertubular space, were found in 
small quantities in the proximal caput epididymis. 
However, there was a progressive increase of these 
fibers throughout each region of the organ; they were 
visible in large quantities in the caudal epididymis. 
Thirteen different types of morphological 
alterations (Table 3) were found on the analyzed 
epididymal spermatozoa (n = 10,920): minor sperm 
defects (16.73%) and major sperm defects (23.20%), 
according to Blom (1973). 
Analyses of the sperm morphology associated with 
the epididymis according to the Mann-Whitney test, 
found no statistical difference (P > 0.05) between minor 
and major defects (proximal head: U= 19.500; distal 
head: U= 31.500body: U= 27.000; and tail: U= 20.000) 
(Figure 3). 
 
Discussion 
The proximal caput was the region presenting the 
smallest tubule diameter and epithelial height out of the 
analyzed epididymis. These data are different from 
those found by Schimming et al. (2012) in Cavia 
porcellus and by Ibrahim and Singh (2014) in Camelus 
dromedarius, which contained higher epithelia in the 
caput; otherwise, the corpus and caudal epididymis 
were the shortest regions. Briz et al. (1993) observed in 
swine that the proximal caput epididymis also 
possessed greater means for epithelial height and 
luminal diameter. These authors inferred that the 
greater epithelial height in the proximal caput would 
facilitate spermatozoa passage to other epididymal 
regions, since the proximal caput is the nearest to the 
testicle. 
 
 
 
 
Table 3 – Morphological analysis of spermatozoa found in different regions of the P. tajacu epididymis. 
Sptz=Spermatozoa; M.P.= midpiece. Belém, Pará - Brazil - 2015 
 
 
 
 
 
 
 
 
Pathologies  Proximal caput Distal caput Corpus    Caudal 
Minor Sperm Defects     
Detached heads 207 (7.77%) 489 (21.13%) 276 (10.05%) 202 (6.31%) 
Distal cytoplasmic droplet 126 (4.73%) 80 (3.45%) 135 (4.91%) 215 (6.71%) 
Looped tail 39 (1.46%) 12 (0.51%) 21 (0.65%) 31 (1.12%) 
Macrocephalic sperm 58 (2.17%) 32 (1.38%) 44 (1.60%) 30 (0.93%) 
Bent tail with droplet 6 (0.22%) 0 (0%) 0 (0%) 7 (0.21%) 
Major Sperm Defects     
Underdeveloped Sptz 519 (19.49%) 417 (18.02%) 487 (17.74%) 456 (14.25%) 
Proximal cytoplasmic droplet 168 (6.31%) 69 (2.98%) 105 (3.82%) 156 (4.8%) 
Abnormal insertion of M.P.  16 (0.60%) 2 (0.08%) 1 (0.03%) 5 (0.18%) 
Teratoids 15 (0.56%) 9 (0.38%) 3 (0.10%) 3 (0.09%) 
Dag defects 14 (0.52%) 28 (1.21%) 0 (0%) 5 (0.18%) 
Pseudo droplet 6 (0.22%) 15 (0.64%) 5 (0.18%) 8 (0.25%) 
Decapitated sperm head 3 (0.11%) 0 (0%) 0 (0%) 18 (0.56%) 
Denuded M.P. 1 (0.03%) 0 (0%) 0 (0%) 0 (0%) 
Total of analyzed Sptz 2662  2314  2744  3200  
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Figure 3 – Photomicrography of P. tajacu epididymal spermatozoa. A- Normal sperm; 
B- Immature sperm; C- Proximal cytoplasmic droplet (arrow); D- Distal 
cytoplasmic droplet (arrow); E- Simple bent tail with retention of 
cytoplasmic material; F- Teratoids (double tail). 1000x 
  
However, changes in diameter of the tubules and 
epithelial heights are related to potential for cellular 
maturation and storage during transportation of 
spermatozoa through the organ. This is, in fact, due to 
the period in which spermatozoa are in transit, where 
tissue fluid changes occur, leading to absorption and 
activation of epithelial cell functions (DACHEUX et al., 
2003; SRIVASTAV et al., 2004; TULSIANI, 2006). 
According to Crabo (1965), the many activities that 
occur in the epididymis promote spermatozoa 
maturation, and the caudal epididymis may improve 
the maximum survival time of the spermatozoon. 
Thus, as noted in this paper, it was expected that 
smaller tubular diameters would be found in the ducts 
forming the proximal caput epididymis, which unite to 
form a single duct. The presence of larger tubules, with 
wide lumen in caudal epididymis, suggests that this 
region potentially contributes to spermatozoon storage 
in P. tajacu. 
Overall, the coating epithelium of the epididymal 
duct of mammals contains several cell types: principal, 
basal and apical (CLELAND, 1957; ORSI et al., 1984; 
ARRIGHI et al., 1993; SCHIMMING et al., 2012). 
Similarly, in this research, basal and principal cells were 
found in all regions of the P. tajacu epididymis. 
Although there was no statistical difference between 
the major and minor defects in all of the epididymal 
regions, underdeveloped spermatozoa stand out by 
their occurrence in greater numbers here than in the 
other pathologies. This problem is related to 
spermatogenesis. It may be that nutritional and 
hormonal problems, possibly connected to factors 
related to behavioral stress (due to the animals 
probably belonging to a lower hierarchical position in  
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the social structure), are interfering with this process. 
Therefore, it is suggested that other reproductive and 
behavioral studies investigate this problem further. 
Briz et al. (1993) observed that the caput epididymis 
of the Sus domesticus is characterized by the presence 
of distal cytoplasmic droplets and by mature 
spermatozoa, and the caudal epididymis by mature 
spermatozoa. However, in the present research, distal 
cytoplasmic droplets were found mainly in the caudal 
epididymis, while in the proximal caput, distal caput 
and corpus epididymis, a large quantity of detached 
heads and underdeveloped spermatozoa were 
observed. 
The detached heads may be an artifact of the 
maceration technique used in this research. Olugbenga 
and Oniovosa (2005) used the maceration method in 
the same regions (proximal caput, distal caput and 
corpus epididymis) and retrograde flow in the caudal 
epididymis of Sus scrofa scrofa and observed the 
following pathologies: detached head and bent tail in 
the caput and corpus; detached head and looped tail in 
the caudal. 
In terms of distal cytoplasmic droplets, Bezerra et al. 
(2014) observed in spermatozoa collected in the caudal 
epididymis of P. tajacu that it represented 29.6% of the 
total of analyzed cells. Although this pathology is 
frequently associated with this region (BEDFORD, 
1963), this value was higher than that verified in the 
present research (6.71%). However, when samples were 
subjected to centrifugation, this value decreased to 
7.8%. The cited authors believed that this process 
would lead to cytoplasmic membrane rupture of the 
droplets and content drainage. 
Histological aspects of the different regions of the P. 
tajacu epididymis are similar to those of swine 
regarding the type of tissue and distribution. 
Nevertheless, as reported in this paper, particularities 
were found throughout the organ. 
The spermatozoa morphology study is an important 
aspect in evaluating fertility and may indicate a 
relationship with possible problems related to 
behavioral stress of gregarious animals, such as the 
collared peccary. Morphological analysis of P. tajacu 
spermatozoa has indicated similarities to other 
artiodactylous species previously described in the 
literature. The present paper provides a baseline for 
future comparative research on the reproductive 
biology of artiodactyls that could contribute to their 
conservation and production. 
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